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Executive Summary

The University of Idaho seeks to ultimately have ¢hpability ofselfsustaining its energy

demands upon an emergency Avistaoutage,K S a ¢ 1S I [ 2FR h¥F¢ GSIY
building from constructed a load sheddiagheme based on the 825 kW of power coming from

the Steam Rint and thefull loads of thefollowing buildings in prioritized order: Miure, CNR,

BEL, and GJL.

This microgrid expansiquroject looks at the integration afeveral new generation sourcesi
MW backupsolar array,a 140kW solar array on top of the IRIC building, andUjagenerators
within McClure CNR, BEL, and GAllso, the desigfocuses on the emergency 480V circuits of
the existingouildings and adds the loads$ the Steam Plant and the IRé@ergency circuits.
The study alsserves to assess how much additional load may be supported from available
generation during different use cases.

The worstcase scenario is Kvista goeslown duringsummertime at night and both wells on
campus need to be ran at theusie time to support suppression in the event of a fire. The
PowerWorld model which was used to simulate the expansion reveals thaetheration from

the Steam Plant and bacguenerators within buildings can be diverted to support the wells.
Backup generators will need to be synchronized to the grid for this to work. This is discussed in
more detail within the report.

Under a less severe use case where the Wells need natifygorted, the backugenerators

within McClure, BEL, and GJk able to support their own emergency circuits islanded from

the grid. The IRIC has this same capability, but instead using its solar array. If there is not
enough sunlight, it can also uss designatedackup generator. Excess generation from the
Steam Plant an&olar Backup Array in this case may be used to support additional emergency
circuits within buildings on campus that may not have backup generators or maselen lieu

of runningthe backup generators in an effort to be more environmentally conscious.

Most of what has been explainedgarding the use casésbased on the results of the Power
Flow analysis conducted within PowerWorld. Other analyses performed reveal pertinent data
and give insight into the functionality and operability of the Microgrid. These analyses include:
N-1 Contingency, Seasonafuft, and Load Shedding.

PowerWorld atomatically indicates the best locations for remote breakers and can be seen
and toggled within the simulation. It has been assessed that six more SEL 75hnelays
RTAC are required for the expansion, with more 751 relays needed as it grows flioihies
such as further expansion, energy storage, black start, and integrating the load shedding
SOKSYS RS@OSt2LISR o6& (GKS a¢l 1S I [2FR 2FF¢ (S|
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Background

The overall Ul microgrid scope includes the ertampus, with a total of 143 buildings, excluding
Northern farms. Currently, 12% of the campus load is expected to be provided by the new Steam
Plant turbines, of which 3% must provide electricity for the Steam Plant. The turbines are
expected to be placenh service by Fall 2020. The remaining 9% of annual power prodwetisn
Fftf20FGSR T2NJ 0KS & ¢ pryjedt sdope[ingluddieshyding the laddEhe&S O i ¢
algorithm for the following campus buildings: McClure, CNR, GJL, BEL. The miemgadian
considered for tleir project includel the steam turbines in the Steam Plant and solar panels to

be placed on the roof of IRITheydesigred a module load shed scheme that can be scaled when

more generation sources are determined for the Ul microgrid.

Our project now takes into account the new generation source ofotlemegawattsolar array
OKFG KIFa 0SSy {UNIDIER &SR 16 51 maktkoShe dkibppie Dome with the
purpose of supplying power to the well pumps out near Wiben the load of the wells is not
being demanded, the array can then be used to support additional critical emergency circuits
within buildings on campus. Our design also incorporates the use of emergency backup
generators within buildings to support their emergency circuits.

Problem Definition

With the addition of the onemegawatt solar arrg, critical loads on campusre to beassessed
andhow much of campus could be supported by the new astagil be revealedAlsq the type
and location of equipment needed to expand the microgrid (switches, relaysnetd)to be
determined Inaddition, themicrogrid performancenust be analyzewith the different energy
sourcesseasonal changes in total system capagityst be accounted for, and an economic
analysis conducted.

Microgrid Simulation Design

The decision was made to use the PowerWorld simulation software as opposed to the RTDS
simulation software that the previous team used. The reasoning for this is because whiel RTDS
is great for conducting real time tesfj of the RTAC controls and relagswerWorld reigns

superior in overall grid analysis. PowerWorldolust and versatile and allows us to dive

deeper into revealing the effects associated with how this grid willaifichot work. The

simulation is also modular and can be easily addedhen it comes time for future teams to
expand the micregrid even further
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Power Flow Analysis (Worse Case Scenario)

Our design is based on a best case and a waarsé scenaridzigure 1 shows theorst-case
scenario.
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SOLAR BACKUP ARRAY(EZ:
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Figure 1: Power Flow Worstase Scenario

In the worstcase scenario, all necessary generatiunst go to power both wells running at
700kW. Here we can see that at rated power the one raggt array is sufficient to supply

both thereal and reactive demands of the wells. Eachaaitemergency circuit within the

buildings is supported by its own backup generator. After meeting its own load demand, the
Steam Plant is still able supply 645kW of power to additional load on campus. Under the
circumstances of the backwgrraybeing insufficient due to lack of sunlight or other failure, load
can be shed and power from the Steam Plant, backup generators, and the IRIC solar array can
be harnessed to support the full loads of the wells.
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Power Flow Analysis (Best Case Sceyjar
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Figure 2: Power Flow Best Case Scenario

In the best-casescenariothe well pumps are not running and do not need to be supported.
This frees up the one megmatt solar array power to now support a substantial amount of load
on campus. Now, between thearay and the excess steam turbine generation, an additional
1.645 megawvatts of excess power is availabBoth power flow analyses were done under the

assumption of rated equipment values and a 0.9 lagging power factor for building loads.

Seasonal Analysis

For the seasonal analysis, we used data given to us by Facilities and the Solar Backup Generation team
to simulate power flow analysis at each mongtarting in Januaryrheseasonabnalyses were done at
normal operating conditions, with the microgrid islanded from the power grid.mitvethly data from

the Steam Plansiusing futurgplannedadditions Bagd on our location, solar generation will be best in

the summer months and worst in the winter months and the opposite being true for the Steam Plant,
being best in the winter months and worst in thensmer months.n the appendix, there are

instructions e how to change Powerworld to certain months so that you may view and simulate

different scenarios.

After conducting a power flow analysis of each month,cateulatedthe following data shown in

graphs.The following graph showcases the total load congtiom andgeneration for the entire
microgriddesign This includes the backup generatdte noncritical loadsand the losses of

transmission lines and transformefBhe total consumption is from the noncriticad criticalloads

currently included irthe microgrid design as well as the losses due to the transmission and transformers
calculated by Powerworldis seen in the graph, we will have excess generation while islanded from the
gridand in thebestcasescenario
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Monthly Total Consumption and Generation
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The following graph shows all the different sources of generation and loads that we deemed important
and critical. Using thdata, the following graph was creatatiat showcases the monthly changes. The
graphs following show the loads and generation sefgata have a more detailed look.

Monthly Values for Loads and Generation
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Since the wells do not normally take much power to operate, there will be excess generation during all
months of the year. When both wells need power is when issues will start to occur, and load shedding
will need to bernplemented.

Monthly Values for Loads
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The monthly generation values showcase that the steam plant will be the main source of generation.
Since the backup generators do not change depending on the month or season, they were not included
on this graph. The excess generation shamwthe above graph is calculated from the total consumption
and total generation from the entire microgrid design in a beste scenario.
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Fault Analysis

Solar Backup Array i Bus Faulti Single Line-to-Ground:

Bus Records:

I Number Name I Phase Vot A I Phase Volt B I Phase Voit C I Phase Ang A l Phase Ang B l Phase Ang C
1 1 SOLAR BACKUP, 0.22180 0.79696 0.94349 -76.98 -126.69 64.61
2 2 Array-Microgrid, 0.38773 0.99476 0.64654 3834 -121.02 71.19
3 3 Wells transform 0.35515 091118 0.59222 41n -118.24 73.96
4 4 Wells 0.35299 0.90563 0.58861 40.63 -118.73 73.48
S S Campus 13.2kV 0.99684 0.99684 0.99684 -0.37 -120.37 119.63
6 6 Steam Plant 1.00000 1.00000 1.00000 -30.00 -150.00 90.00
7| 7 CNR XFMR 0.99727 0.99727 0.99727 -0.37 -120.37 119.63
8 8 CNR 0.99727 0.99727 0.99727 -0.37 -120.37 119.63
9 9 CNR BG 1.00000 1.00000 1.00000 -30.05 -150.05 89.95
10 10 IRIC XFMR 1.00000 1.00000 1.00000 -1.19 -12119 118.81
1 11 IRIC 1.00000 1.00000 1.00000 -1.19 -121.19 118.81
12 12 GIL XFMR 0.99990 0.99990 0.999%0 -0.67 -120.67 11933
1 13 GIL 0.999%0 0.99990 0.999%0 -0.67 -120.67 119.33
14 14 GILBG 1.00000 1.00000 1.00000 29.34 -90.66 149.34
15, 15 BEL XFMR 0.99983 0.99983 0.99983 -0.70 -120.70 119.30
16 16 BEL 0.99983 0.99983 0.99983 -0.70 -120.70 119.30
17 17 BELBG 1.00000 1.00000 1.00000 29.32 90,68 149.32
18 18 MCCLURE XFMR 0.99935 099935 0.99935 -0.67 -120.67 119.33
19 19 MCCLURE 0.99935 0.99935 0.99935 -0.67 -120.67 119.33
20 20 MCCLURE BG 1.00000 1.00000 1.00000 -30.60 -150.60 89.40
Lines:
From Imm um1u mmn1 To Mame | Circuit | Xtrme Phase Cur A Imnemshﬂ Phase Cur € Inmecuua Imu CurBTo |mmc..cro I
Number From From
2 AmayMicre 1 VES 2390285 L] 5960971 24531584 1142819.28 Ta2582.06
2 Amay-Mice 3 Wells trans 1 NO 245319.53 114252038 74257925 1619344 41546.20 2700288
3 Wells trans 4 Wells 1 YES 1619347 4154627 2700258 8906405 22850444 14851638
& Steam Plan $ Campus 13 1 VES 86474156 26474150 86474150 31445.10 3144510 3144510
L
».'g
NO
no
7 CHRXFMR 1 VS 000 0.00 00 0.00 0.00 a0
nNO
8 CNR 1 VES 1300255.50 1300255.50  1300255.50 75035444 750354.44 75035444
11 1RIC 10 IRIC XFMR 1 VES 002 0.02 002 000 000 0.00
12 GILXFMR 13 GiL 1 vES 0,00 000 0.00 0,00 0.00 0.00
1361 HGLEG 1 VES 26896.67 26896.67 2689667 2661046 4661046 4661046
15 BELXFMR 16 BEL 1 YES 000 000 000 0.00 0.00 000
16 BEL 17BELEG 1 VES 46809.79 4630979 46509.78 8111688 81116.88 8111683
13 MCCLURE 18 MCCLURE > 1 VES 0.00 0.00 0.00 0.00 0.00 0.00
20 MCCLURE £ 19 MCCLURE 1 YES 293855.16 253855.16 23388516 169577.42 169577.42 16357741
Generators:
Name of Bus | Phase CurA I Phase CurB | PhaseCurC | Phase AngA I Phase AngB | Phase Ang C I
1] SOLAR BACKUP 73090.05 40467.26 $9609.73 -85.88 149.80 59.95
6 Steam Plant 1105204.85 1105204,97 1105204.85 -56.12 176,12 63.88
9 CNR BG 1300250.20 1300250.30 1300250.20 -56.20 -176.20 63.80
11 IRIC 187206.57 187206.57 187206.58 -27.09 -147.09 92.91
14 GILBG 46610.98 46610.99 46610.98 277 -117.23 122.77
17 BELBG 8114an 8111411 81114 3.39 -116.61 123.39
20 MCCLURE BG 293848.04 293848.07 293848.04 -58.14 -178.14 61.86
Loads:
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Mumber of Bus| Name of Bus 1D Phase Cur A Phase CurB | Phase Cur C
1 A4Wells 1 29063.91851 228504.14336 148515.93549
2 5 Campus 13.2kV 1 3144510622 3144510622 3144510622
3 & Steam Plant 1 240469.37330 240469.37330 240469.37330
4 2 CHR 1 750352, 76275 75035276275 T50352.76275
5 11 IRIC 1 187206,55320 187206,55320 187206.55320
B 13 GIL 1 26802.40825 2630840825  26393.40325
T 16 BEL 1 46309.60342  46309.60342  46309.60342
2 19 MCCLURE 1 169574,81793 169574.81793 169574.31793
Solar Backup Array i Bus Faulti Line-to-Line:
Bus Records:
i Number l Name Phase Volt A | Phase VoitB I Phase Vot C | Phase AngA | Phase AngB | Phase AngC I
| 1 1] SOLAR BACKUP 1.00000 0.55856 0.44516 -30.57 153.84 143.90
| 2 2 Array-Microgrid, 0.89451 0.08188 0.82917 -29.44 -173.99 147.28
| 3 3 Wells transform 0.81936 0.07500 0.75950 -26.66 171,22 150.05
| 4 4 Welis 0.81436 0.07455 0.75487 -27.15 -171.70 149.57
| 5 5 Campus 13.2kV 0.99684 0.99684 0.99684 037 120,37 119.63
6 6 Steam Plant 1.00000 1.00000 1.00000 -30.00 -150.00 90.00
| 7 7 CNR XFMR 0.99727 0.99727 0.99727 037 -120.37 119.63
| 8 8 CNR 0.99727 0.99727 0.99727 -0.37 -120.37 119.63
| 9| 9 CNR BG 1.00000 1.00000 1.00000 -30.05 -150.05 89.95
| 10| 10 IRIC XFMR 1.00000 1.00000 1.00000 -1.19 -121.19 118.81
| 1 11 IRIC 1.00000 1.00000 1.00000 -1.19 -121.19 118.81
| 2 12 GJL XFMR 0.99990 0.99990 0.99990 -0.67 -120.67 119.33
| 3 13 GiL 0.99990 0.99990 0.999%0 0.67 -120.67 119.33
| 4 14 GILEBG 1.00000 1.00000 1.00000 29,34 -80.66 149.34
| 15 15 BEL XFMR 0.99983 0.99983 0.99983 -0.70 -120.70 118.30
| 16| 16 BEL 0.99983 0.99983 0.99983 070 -120.70 119.30
17 17 BELBG 1.00000 1,00000 1.00000 29.32 -90.68 149.32
18 18 MCCLURE XFMR 0.99935 0.99935 0.99935 0.67 -120.67 119.33
19 19 MCCLURE 0.99935 0.99935 0.99935 0.67 -120.67 11933
| 20| 20 MCCLURE BG 1.00000 1.00000 1.00000 -30.60 -150.60 89.40
Lines:
From IFlom M1To anbc1 To Name | Circunt | Xfrme Phase Cur A |FNu CurBFron Phase Cur € Imu CurATo |Phase CwrBTo | Phase Cwr CTo I
Number From From
SOLAR BAC 2 Amay-Miarc 1 &S 4154628 2320623 18494.85 1027383.25 $4043.54 952332.13
2 Array-Micre 3 Wells trans 1 NO 1027382.56 9404423 952332.50 37359.37 3419.79 463027
3 Wells trans 4 Wells 1 37359.52 3419.86 34630.34 20847738 18809.22 190466.88
& Steam Plan S Campus 13 1V B64741.56 864741.50 86474150 3144510 34500 nasao
8 CNR 7 CNRXFMR 1 0.00 0.00 0.00 0.00 0.00 0.00
9 CNR BG 8 CNR 1 1300255.50 1300255.50 1300255.50 75035444 75035444 75035444
11 1R 10 IRICXFMR 1 o0 02 002 000 000 000
12 GILXFMR 13 6Ga 1 000 0.00 0.00 000 0.00 0.00
136 WGNEE 1 2683667 26896.67 26896.67 4661046 4661046 4661046
15 BEL XFMR 16 BEL 1 0.00 0.00 0.00 0.00 =X 0.00
16 BEL 17 BELBG 1 46809.79 46809.79 46809.78 8111688 LRRELE-2) LIRRLE-)
19 MCCLURE 18 MCCLURE) ¥ Q.00 0.00 0.00 0.00 0.00 000
20 MCCLURE £ 19 MCQLURE 1 293855.16 293855.16 293855.16 169577 42 165577.42 16957741
Generators:
Number of Bus I Name of Bus I Phase Cur A Phase CurB Phase Cur C Phase AngA | Phase AngB l Phase Ang C
1] SOLAR BACKUP, 41546.21 76169.82 58548.72 -64.27 165.36 18.08
6 Steam Plant 1105204.85 1105204.97 1105204.85 -56.12 -176.12 63.88
9 CNRBG 1300250.20 1300250.30 1300250.20 -56.20 -176.20 63.80
4 11 IRIC 187206.57 187206.57 187206.58 -27.09 -147.09 92.91
5 14 GILBG 46610.98 46610.99 46610.98 2.77 -117.23 122.77
6 17 BEL BG 811141 8111411 8111411 3.39 -116.61 123.39
7| 20 MCCLURE BG 293848.04 293848.07 293845.04 -58.14 -178.14 61.86

Loads:



Mumber of Bus| Mame of Bus ] Phase Cur & | Phase CurB | Phase Cur C
1 A4 Wells 1 205476.54922  18308.883130 190466.51934
2 5 Campus 13.2kV 1 3144510622 3144510622 3144510622
3 & Steam Plant 1 24046937330 240469.37330 240469.37330
4 8 CMNR 1 75035276275 75035276275 T50352.76275
5 11 IRIC 1 187206,55320 187206.55320 187206.55320
b 13 GIL 1 26808.40825 2630840825 26893.40825
I 16 BEL 1 46309.60342 4680960342  46809.60342
8 18 MCCLURE 1 168574.81793 169574.81793 169574.31793
Steam Planti Bus Faulti Single Line-to-Ground:
Bus Records:
‘ Number .l Name Phase Volt A | Phase Vot B | Phase Vot C | Phase AngA | Phase AngB | Phase AngC
1| SOLAR BACKUP 1.00000 1.00000 1.00000 -30.57 -150.57 89.43
| 2 Array-Microgrid, 0.99476 0.9%476 0.9%476 -1.02 -121.02 118.98
| 3 Wells transtorm 091118 091118 091118 176 -118.24 121.76
| 4 4 Wells 0.90563 0.90563 0.90563 127 -118.73 121.27
| S S Campus 13.2kV 0.39888 0.95684 0.63571 3993 -120.37 71.84
| 6 6 Steam Piant 0.21023 0.80360 0.93847 -74.29 -125.94 65.10
| 7 7 CNR XFMR 0.99727 0.99727 0.99727 037 -120.37 119.63
| 8 8 CNR 0.99727 0.99727 0.99727 -0.37 -120.37 119.63
| 9 9 CNR BG 1.00000 1.00000 1.00000 -30.05 -150.05 89.95
| 10 10 IRIC XFMR 1.00000 1.00000 1.00000 -1.19 -121.19 118.81
| 11 11 IRIC 1.00000 1.00000 1.00000 -1.19 -121.19 118.81
| 12 12 GILXFMR 0.99990 0.99990 0.99990 -0.67 -120.67 118.33
| 13 13 GIL 0.99990 0.99990 0.999%0 -0.67 -120.67 119.33
| 14 14 GILEBG 1.00000 1.00000 1.00000 29.34 -90.66 149.34
| 15 15 BEL XFMR 0.99983 0.99983 0.99983 .70 -120.70 119.30
| 16 16 EBEL 0.99983 0.99983 0.99983 £.70 -120.70 119.30
| 17 17 BELBG 1.00000 1,00000 1.00000 29.32 -90.68 149.32
| 18 18 MCCLURE XFMR 0.99935 0.99935 0.99935 067 -120.67 11933
| 19 19 MCCLURE 0.99935 0.99935 0.99935 067 -120.67 119.33
| 20| 20 MCCLURE BG 1.00000 1.00000 1.00000 -30.60 -150.60 89.40
Lines:
| From |’|o- Nm1lo nmubr1 Yo Name l Circuit L Mrmr m;'eoc-uvA |Pmse Cur Mwn‘ m::ocmmc lmn CurATo |the CurBTo IPMu CwrCTo
SOUAR BAC 2 Array-Micre 1 VES 4154623 4154623 41546235 1142519.50 1142515.38 114251538
2 Aray-Micrc 3 Wells trans 1 NO 1142520.63 114252063 114252063 4154621 415460 4154620
3 Wells trans 4 Wens 1 YES 4154625 4154624 4154625 22850434 22850433 226504.34
6 Steam Plan S Campus 13 1 ¥ES 007244 59915456 1412861.50 1258241 Jraasm 20083.22
NO
8 CNR 7 CNRXFMR 1 VES 000 0.00 000 0.00 0.00 000
NO
9 CNR BG 8 CNR 1 YES 1300255.50 1300255.50 130025550 75035444 75035444 75035444
1 IRIC 10 IRIC XFMR 1 ¥ES 0.02 002 (04 0.00 0.00 0.0
12 GILXFMR 1361 1 1S 0.00 000 0.00 0.00 0.00 000
1B G 14 GILSG 1 ¥ES 2689667 26556.67 2689667 4661046 4661046 4661046
15 BEL XFMR 16 EEL 1 ¥ES 0.00 000 0.00 0.00 0.00 000
16 EEL 17 EELBG 1 ¥ES 46309.79 45505.79 46809.78 8111688 8111683 81116838
19 MCCLURE 18 MCCLURE > 1 YES 0.00 0.00 000 0,00 0.00 000
20 MCCLURE £ 19 MCCLURE 1 ¥ES 293855.16 293855.16 20385516 169577.42 169577.42 169577.41
Generators:
}. Number of Busl Name of Bus I Phase Cur A Phase Cur B I Phase Cur C I Phase Ang A ] Phase Ang B [ Phase Ang C
| 1 T]SOLAR BACKUP, 41546.21 41546.21 41546.21 6427 175.73 55.73
| 2 6 Steam Plant 1908291.15 1004418.26 1611507.04 -82.23 156,56 65.52
| 3 9 CNR BG 1300250.20 1300250.30 1300250.20 -56.20 -176.20 63.80
| 4 11 IRIC 187206.57 187206.57 187206.58 -27.09 -147.09 92.91
| 5 14 GILBG 46610.98 46610.99 46610.98 277 -117.23 122.77
| 6) 17 BELBG 811141 8111411 8111411 3.39 -116.61 123.39
} 7 20 MCCLURE BG 293848.04 293848.07 293848.04 -58.14 -178.14 61.86

Loads:



Mumber of Bus| Name of Bus D Phase Cur & Phase Cur B | Phase Cur C
1 A'Wells 1 22850414336 228504.14336 228504.,14336
2 5 Campus 13.2EM 1 12582.43793 3144510622  20053.22562
3 B Steam Plant 1 50746.36205 19205132472 226146.33873
4 2 CNR 1 750352, 76275 75035276275 75035276275
5 11 IRIC 1 187206,55320 187206,55320 18720655320
=] 13 GIL 1 268092.40825 26303.40825  26393.40825
7 16 BEL 1 46809.60342  46809.60342  46309.60342
[ 19 MCCLURE 1 1609574.81793 169574.81793 169574.81793
Steam Planti BusFault 7 Line-to-Line:
Bus Records:
i Number I Name Phase Volt A | PhaseVoltB | PhaseVolt C | Phase AngA | Phase AngB | Phase AngC
| 1] SOLAR BACKUP, 1.00000 1.00000 1.00000 -30.57 -150.57 89.43
| 2 Array-Microgrid. 0.99476 099476 0.99476 -1.02 -121.02 118.98
| 3 Welis transform 09118 091118 091118 176 -118.24 121.76
| 4 4 Welis 0.90563 0.90563 0.90563 127 -118.73 121.27
| 5 S Campus 13.2kV 0.89350 0.07768 0.83380 -28.78 -170.62 147.92
| 6 6 Steam Plant 1.00000 0.55357 045018 -30.00 154.47 144.50
| 7 7 CNR XFMR 0.99727 0.99727 0.99727 0.37 -120.37 119.63
| 8 8 CNR 0.99727 0.99727 0.99727 -0.37 -120.37 119.63
| 9 9 CNR BG 1.00000 1.00000 1.00000 -30.05 -150.05 89.95
10, 10 IRIC XFMR 1.00000 1.00000 1.00000 -1.19 -121.19 118.81
| 1 11 IRIC 1.00000 1.00000 1.00000 -1.19 -121.19 118.81
| 12 GJL XFMR 0.99990 0.99990 0.999%0 -0.67 -120.67 119.33
| 13 GIL 0.999%0 0.99990 0.999%0 -0.67 -120.67 119.33
| 4 14 GILBG 1.00000 1.00000 1.00000 2034 -90.66 149.34
| S 15 BEL XFMR 0.99983 0.99983 0.99983 070 -120.70 119.30
| 16 16 BEL 0.99983 0.99983 0.99983 £0.70 -120.70 119.30
| 17 17 BELBG 1.00000 1,00000 1.00000 29.32 -90.68 149.32
| 18 18 MCCLURE XFMR 0.99935 0.99935 0.99935 0.67 -120.67 119.33
| 19 19 MCCLURE 0.99935 0.99935 0.99935 -0.67 -120.67 119.33
| 20 20 MCCLURE 8G 1.00000 1.00000 1.00000 -30.60 -150.60 89.40
Lines:
From IFreul Nun11a W1 To Name | Circut | Xfeme Phase Cut A Imn Cut BFr Phase Cur € lmn Cur A To lmu Cur 510 IMM CwCTo
Number From From
1| SOUAR BAC 2 Arrayicee 1 53 4154623 31566.23 41546.23 T142519.50  1142519.38 14251938
2 ArayMicre 3 Wells trans 1 NO 114252063 114252063 1142520.63 4154621 4154621 4154621
3 Wells trans 4 Wells 1 ves 4154625 41546.24 41546.25 228504.34 228504.33 228504.34
6 Steam Plan S Campus 13 1 V€S 86474450 478700.16 38929363 28185.28 245050 26301.56
8 CNR 7 CNRXFMR 1 Q0o 00 0.00 0.00 000 000
9 CNRBSG 5 R 1 vES 130025550 130025550 130025550 75035444 75035444 75035444
11 1RC 10 IRICXFMR 1 VES o 00 0.02 000 0.00 0.00
12 GIL XFMR RER S 1 VES 0.00 0.00 0.00 0.00 0.00 (X
13 60 MGLEG ) Vs 26896.67 26896.67 2689667 4661046 46610.46 4661046
15 BEL XFMR 16 BEL 1 VEs 000 000 000 0,00 000 0.00
16 BEL 17 BELBG 1 VES 46809.79 46809.79 4680078 8111688 8111688 8111638
19 MCCLURE 18 MCCLURE > 1 vES 000 000 0,00 o 0. 0.00
20 MCCLURE £ 19 MCCLURE v YES 29388516 293855.16 293855.16 165577 42 16557742 16957741
Generators:
Number of Busll Name of Bus | Phase CurA I Phase Cur B I Phase CurC | Phase Ang A I Phase Ang B I Phase Ang C
1] SOLAR BACKUP, 4154621 41546.21 41546.21 -64.27 175.73 55.73
6 Steam Plant 1105204.85 202441334 1481439.89 -56.12 169.58 21.86
9 CNR BG 1300250.20 1300250.30 1300250.20 -56.20 -176.20 63.80
4 11 IRIC 187206.57 187206.57 187206.58 -27.09 -147.08 92.91
14 GILBG 46610.98 46610.99 46610.98 277 -117.23 122.77
17 BELBG 8114n 8111411 8111411 339 -116.61 123.39
20 MCCLURE BG 293848.04 293848.07 293848.04 -58.14 -178.14 61.86
Loads:
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Mumber of Bus| Mame of Bus [0} Phase Cur A Phase CurB | Phase Cur C
1 4lwWells 1 22850414336 22850414336 228504.14336
2 5 Campus 13.2kW 1 28185.18772 245045978 26301.89217
3 & Steam Plant 1 2404609,38764 13311749710 108255.44053
4 8 CNR 1 750352, 76275 75035276275 7T50352.76275
5 11 IRIC 1 187206,55320 18720655320 187206.55320
5] 13 GIL 1 2689340825 2685340825 26893.40825
7 16 BEL 1 46809.60342  46309.60342  46800.60342
[ 19 MCCLURE 1 169574.81793 16957481793 169574.31793
IRIC T Bus Faulti Single Line-to-Ground:
Bus Records:
i Number Name Phase Volt A l Phase Voit B | Phase Volt C | Phase Ang A I Phase AngB | Phase Ang C
| 1] SOLAR BACKUP, 1.00000 1.00000 1.00000 -30.57 -150.57 89.43
| 2 Array-Microgrid, 0.99476 0.99476 0.99476 -1.02 -121.02 118.98
| 3 Welis transform 091118 091118 091118 1.76 -118.24 121.76
| 4 4 Wells 0.90563 0.90563 0.90563 1.27 -118.73 121.27
| 5 5 Campus 13.2kV 0.99654 0.99684 0.99684 037 -120.37 119.63
| 6 6 Steam Plant 1.00000 1.00000 1.00000 -30.00 -150.00 90.00
| 7 7 CNR XFMR 0.99727 0.99727 0.99727 -0.37 -120.37 119.63
| 8| 8 CNR 0.99727 0.99727 0.99727 -0.37 -120.37 119.63
| 9 9 CNR BG 1.00000 1.00000 1.00000 -30.05 -150.05 89.95
| 10| 10 IRIC XFMR 0.00000 1.73205 1.73205 91.12 -151.19 148.81
| 1 11 IRIC 1.00000 1.00000 1.00000 -1.19 -121.19 118.81
| 12 12 GIL XFMR 0.99990 0.99990 0.99950 -0.67 -120.67 119.33
| 13 GIL 0.99990 0.99990 0.999%0 -0.67 -120.67 119.33
| 4 14 GILBG 1.00000 1.00000 1.00000 29.34 -90.66 149.34
| S 15 BEL XFMR 0.99983 0.99983 0.99983 -0.70 -120.70 119.30
| 6 16 BEL 099983 0.99983 0.99983 0.70 -120.70 119.30
| 7 17 BELBG 1.00000 1.00000 1.00000 29.32 -50.68 149.32
| 18 18 MCCLURE XFMR 0.99935 0.99935 0.99935 0.67 -120.67 11933
| 19 19 MCCLURE 0.99935 0.99935 0.99935 0.67 -120.67 11933
| 20] 20 MCCLURE BG 1.00000 1.00000 1.00000 -30.60 -150.60 89.40
Lines:
| From |From mm1le anbcul To Name I Circutt l Xfrme Phase Cur A lhuu (usho«[ Phase Cur € ll’hne CurATo IMu CwBTo IVMu (uv(loJ
Number From From
1 SOLAR BAC 2 AmrsyMicre 1 VES 4154623 41526.23 4154623 114251950 114251938 114281938
2 Asray-Micrc 3 Wells trans 1 NO 114252063 114252063 114252063 4156 415620 4194620
3 Wells trans 4 Wells 1 4154625 4154624 41546.25 22850434 22850433 22850434
6 Steam Plan S Campus 13 1 B64741.56 B864741.50 864741.50 3144510 3144510 3144510
8 CNR 7 CNRXFMR 1 a0 000 000 000 0.00 0.00
9 CNR BG & CNR 1 1300285.50 1300255.50 1300255.50 750354.44 75035444 75035444
1" IRC 10 IRIC XFMR 1 pA1) 0.76 178 0.09 0.03 006
12 GJL XFMR 1360 1 .00 Q.00 0.00 0.00 0.00 0.0
1360 14 G BG 1 2659%6.67 2689667 26896.67 4661046 4661046 4661046
15 BEL XFMR 16 BEL 1 0.00 0.00 0.00 0.00 0.00 0.00
16 BEL 17 BELBG 1 46805.79 46809.79 46809.78 81688 688 LIRRLY 2 Y
19 MCCLURE 18 MCCLURE > 1 000 0.00 0.00 0. 0.00 000
20 MCCLURE £ 19 MCCLURE 1 293855.16 293855.16 293855.16 16657742 16957742 169577.41
Generators:
Number of &u_‘ Name of Bus | Phase CurA Phase CurB | PhaseCurC | Phase AngA | PhaseAngB | Phase AngC
1] SOLAR BACKUP « 41546.21 41546.21 41546.21 -64.27 175.73 55.73
6 Steam Plant 1105204.85 1105204.97 1105204.85 -56.12 -176.12 63.88
9 CNR BG 1300250.20 1300250.30 1300250.20 -56.20 -176.20 63.80
4 11 IRIC 187207.26 187205.82 187207.66 -27.09 -147.09 92.91
S 14 GILBG 46610.98 46610.99 46610.98 277 -117.23 122.77
3 17 BELBG 81114.11 81114.11 81114.11 3.39 -116.61 123.39
7 20 MCCLURE BG 293848.04 293848.07 293848.04 -58.14 -178.14 61.86
Loads:
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IRIC T Bus Faulti Line-to-Line:

Bus Records:

Mumber of Bus| Mame of Bus 10} Phase Cur A Phase Cur B | Phase Cur C
1 4)Wells 1 228504,14336 228504.14336 228504.14336
2 5 Campus 13.2kV 1 3144510622 3144510622 3144510622
3 & Steam Plant 1 240469,37330 24046937330 24046037330
4 8 CNR 1 75035276275 75035276275 750352.76275
5 11 IRIC 1 187206.22341 18720649584 18720645283
& 13 GIL 1 26803.40825 26803.40825 2680840825
Fi 16 BEL 1 46309.60342  46809.60342  46809.60342
[i] 19 MCCLURE 1 169574,831793 16957481793 169574.81793

Number I Name Phase VoIt A I Phase Vot B | PhaseVoltC | Phase AngA I Phase AngB | Phase AngC
1] SOLAR BACKUP, 1.00000 1.00000 1.00000 -30.57 -150.57 89.43
2 2 Array-Microgrid 0.99476 0.99476 0.99476 -1.02 -121.02 118.98
3 3 Wells transform 091118 0.91118 091118 176 -118.24 121.76
4 4 Wells 0.90563 0.90563 0.90563 1.27 -118.73 121.27
5 § Campus 13.2kV 0.99684 0.99684 0.99684 037 -120.37 119.63
6 6 Steam Plant 1.00000 1.00000 1.00000 -30.00 -150.00 90.00
7 7 CNR XFMR 0.99727 0.99727 0.99727 -0.37 -120.37 119.63
8 8 CNR 0.99727 0.99727 0.99727 -0.37 -120.37 119.63
9 9 CNR BG 1.00000 1.00000 1.00000 -30.05 -150.05 89.95
10 10 IRIC XFMR 1.00000 0.54173 0.45883 -1.19 -179.43 176.74
1 11 IRIC 1.00000 0.62642 0.37887 -1.19 -176.62 171.25
12 12 GIL XFMR 0.99990 0.99990 0.99990 -0.67 -120.67 119.33
13 13 GIL 0.99990 0.999%0 0.99990 -0.67 -120.67 119.33
14 14 GILBG 1.00000 1.00000 1.00000 29.34 -90.66 149.34
15 15 BEL XFMR 0.99983 0.99983 0.99983 0.70 -120.70 119.30
16 16 EEL 0.99983 0.99983 0.99983 -0.70 -120.70 119.30
17 17 BELBG 1,00000 1.00000 1,00000 29.32 -90.68 149.32
18 18 MCCLURE XFMR 0.99935 0.99935 0.99935 067 -120.67 119.33
19 19 MCCLURE 0.99935 0.99935 0.99935 -0.67 -120.67 119.33
20 20 MCCLURE BG 1.00000 1.00000 1.00000 -30.60 -150.60 89.40
Lines:
no-Nn-1!onmnM1!oMIC-cunl Ktime I Phase Cur A Imumsrm Phase Cur € Immcwuo Phase CurBTo | Prase CurCTo
From From
SOLAR BAC 2 Amay-Mscrc 1 YES 4154623 4154623 4154623 1142519.50 1142519.38 1142519.38
2 Array-Micre 3 Wells trans 1 NO 114252063 114252063 114252063 4154621 4154621 4154621
3 Wests trans 4 Weins 1 YES 4154625 4154624 4154625 22850434 22850433 22850434
6 Steam Plan 5 Campus 13 1 YES 86474156 86474150 864741.50 31445.10 31445.10 3144510
8 CNR 7 CNRXFMR 1 000 a0 a0 000 0 000
9 CNRBG 8 CNR 1 TES 130026550 130026550 130028550 75035444 75035444 75035444
" RC 10 IRICXFMR 1 1ES 000 106960438 106960438 0.0 38694.70 38894.70
12 GILXFMR 13 Gt 1 V€S Q00 000 000 000 000 000
13 GR HGLEG 1 YES 26596.67 26596.67 26996.67 4661046 4661046 4661046
15 BELXFMR 16 BEL 1 YES 000 0.00 000 000 x 000
16 BEL 17EELBG 1 YES 46809.79 4680979 46509.78 8111688 8111688 8111688
19 MCCLURE 18 MCCLURE 3 1 ves 000 000 0.00 0.00 0.00 0.00
20 MCCLURE £ 19 MCCLURE 1 Yes 29388516 293885.16 293855.16 16957742 16957742 16957741
Generators:
| Number of Busl Name of Bus | Phase CurA Phase CurB | PhaseCurC | PhaseAngA | Phase AngB | Phase AngC
1 1]SOLAR BACKUP, 41546.21 41546.21 41546.21 -64.27 175.73 55.73
2 6 Steam Plant 1105204.85 1105204.97 1105204.85 56,12 176,12 63.88
3 9 CNR BG 1300250.20 1300250.30 1300250.20 -56.20 -176.20 63.80
| 4 11 IRIC 187206.60 1164858.11 1025067.86 -27.09 -168.56 17.97
| 5 14 GILBG 46610.98 46610.99 46610.98 2,77 -117.23 122.77
| 6 17 BELBG 8111411 81114.11 8111411 3.39 -116.61 123.39
| 7 20 MCCLURE BG 293848.04 293848.07 293848.04 -58.14 -178.14 61.86



Loads:

MNumber of Bus| Mame of Bus D Phase Cur A Phase Cur B Phase Cur
1 A)Wells 1 22850414336 22850414336 22850414336
2 5 Campus 13.2kV 1 3144510622 3144510622 3144510622
3 & Steam Plant 1 24046937330 240469,37330 2404659.37330
4 8 CMNR 1 75035276275 750352.76275 750352.76275
5 11 IRIC 1 187206.55320 117268.99513  70927.49842
& 13 GIL 1 2689840825 26B08.40825 268082.40825
7 16 BEL 1 46809.60342  46809.60342  46809.60342
8 19 MCCLURE 1 169574.81793 169574.81793 169574.81793

Thefault analysis provides a selection of switches, as well as the setting of relays and stability of
the system operation.This analysis evaluated the faults at each of the individual bus fault
generation sourcelRIC, Steam Plant, and Solar Backup PV )Aieaghanalysis from the

generation source consisted of a line to line anlihe to groundault. Depending on the

generation surce there is a small difference of about 0.8 phase voltage difference. Each
analysis shows not only the fault voltages auiéhse angles but also the fault currents and

phase angles.

N-1 Contingency Analysis

700 MY
0
Wells msmw S
I 405 Mvar
031 pu Steam Plant —~ s MW
L &) 32 bae
[ R vsensorer e ¥ Extra Load that may be Supported
v us 132KV bus
Y 1
T T T
A ® CNR
. " - . Note: MW/MVAR/MVA values all represent kW/kVAR/KVA values
Array-Microgrid/ Array-Wels WEE e (would not run otherwise)
’ A ABDy  erew A%y
:139‘ = ;gszm:,:.;r @ L o Note: All load power factors except for Welk assumed to be 0.9 Bgging
A . [ = |*
i
SOLAR BACKUP ARRA -
e ik
790 MW
[l | o=
soom s
IRIC )

Figure 1. Power Flow Worst Case Scenario

To do the N1 contingency analysis, make sure you lost just@eenent in the system.

As is shown in th&égure 1, | disconnect the transmission line between Campus 13.2kV bus
and connection with every building including Arfdlycrogrid/ArrayWells bus, then | run the
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mode, it shows that each generator operateghtheir own load. Then we click the
WOy idAy3aSyoe lylftearaQ Fd GKS YSydz 6FNJ G2 Fyl
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Figure 2.Contingency analysis for case 1

¢CKSY L Oft A0l GKS W! dzii 2 IchgaseStdliis@rtsingle G KS 062 GG 2 )
transmission line or transformer and single generating unit into the table in order to show us

the result when opening each of them the circumstance for the mode, then | click start run at

the bottom right, it shows the result fahe analysisn the figure 2

For the Label column, it shows the actions we did, and also, we can clearly see the action at
the bottom right table when we select any label in the table.

C2NJ 6KS @Az2fl A2y O2fdzvyys AG O2YLX SGSfe akKz2g
fAYSS gKIFIG AT AlG aK2¢6a WYmQr GKSY AG YSIya GKS

For the islanded load column, it means when you disconnect one element, {ldossithe
corresponding power, like the first row, if we disconnect the transformer between solar backup
array and ArrayMicrogrid/ArrayWells, then we will loss 700 MW power.

Why the system has no violation? Because each bus has its own gene@iiae, and no
connection with other sources, each source feeds its own load, no connection between source
and source.
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Figure 3. Disconnection of Solar backapay generator

As is shown in thégure 3 if | disconnect the solar backup array generator and click run
mode, there are no overloaded lines come out in the mode and that confirm the result.

Case 2:

Figure 4Power Flow Best Case Scenario

As is shown in thégure 4 | connect the buses between Campus 13.2kV bus and-Array
Microgrid/ArrayWells bus, click run mode, then we begin analysis for the mode.



